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DROP AND FLIGHT TESTS ON NY-2 LANDING GEARS INCLUDING MEASUREMENTS
OF VERTICAL VELOCITIES AT LANDING

By W. C. PECKandA. P. BIMIUI

SUMMARY

This invedgatian was conducted at tlw requeet oj tb
Bureau of Aeronautic, Navy Department, to obtain
guantitatwe injormution on the e~ectwtnw+38of three hm.d-
ing gear8for the ‘(NY-2?” (Gn301idded training) airphn.e.
The investigation consisted of stuiic, drop, ati$ight ttm%
on lunding gear8 oj the oleo-rubber-dtik and the “ Mer-
curLI’) rubber-cord types, ati$ighi t~ only on a landing
gear oj tha conventional qlti-ax.le rubber-cord type.

Th4?r& 8h0W th.ulthe Oleo geur ‘k?the”m08t e~ective
oj the three hznding gear8 in mini?niting impact jorces
and in dhipaii~ the en-mm taken. Tha jli.ght reeult8
indicale that in pade hmding8 with a verti.cul velocity
a4 contact oj 8 jd per 8econd the maximum accelmaiiona
experiemxd are approximately $..l?g, 4.9g, and 4.49 with
t~ oZeo,thaMercu~, and the epli.t-axle rubZwr-
cord gear8, respectively.

The rt27Uhd808h0WtkQ#, in th goodhuiing8,
larger impact jorctx were experienwd 8wb8equ8ni
tO C071t(lCt(@?14dy I?.488thu.n A8gJ than qe+
enced at Colliact (gen.8rdy .k88than f!.og).

Tha Oleolunding geur permitted 8evwe ik5hl.98
to be M without vioknd rebound, but tlw Mer-
cury and tha epli%z.?e rubber-cord gear8 caused
very violent and dangeroua rebown.ck.

A comparison oj the re8ui28 oj tha drop tats,
bawd upon @ heighi8of jnw drop8, does not
8how the reldive men18 oj the landing gear8 a8

landing gears; reference 2, those of the second inves-
tigation, tests on a pair of air wheels. The third inves-
tigation, reported herein, was conducted during the
period from May, 1930, to February, 1931, and con-
sisted of static, drop, and flight tests on two NY’%?Iand-
ing gems and flight tests only on a third.

The static tests were made to determine the deprw-
sions and comprtions or elongations of the various
elastic units of the shock-absorbing systems under
static loads. The drop tests were made to obtain
information on the depressions-of the tires, the elonga-
tions of the rubber cords, the compressions of the rub-
ber disks, the pressures built up in the oleo cylindem,
the work done on the various units, the degree of
rebound, and the maximum aooelerations experienced

reui?itid in jhjht teak. However, a comparison made
upon a baw% of equal h4?i@t8 oj total drop (free drop
plm vertical movemani oj th load during tlw initial stroke
oj tha landing gear) ia indiuu5v8 oj them.

INTRODUCTION

A seriesof tests was started in 1929 at the request of
the Bureau of Aeronautics, Navy Department, ti deter-
mine quantitatively the relative shock-absorbing and
energy-dissipating merits of both rubber and oleo
types of landing gears, with a view to the possibility of
redesigning the structure affected by the loads imposed
h landing. To data, three of these investigations have
been completad at the Langley Memorial Aeronautical
Laboratory, Langley Field, Va. Referenca 1 gives the
results of the first investigation, tests on two 3W%4

+23” ,. 2tY~

~CWEE L-OIeo.robkdbk tYIIO0[h’ldhK+xwchad

under impaot forces. The flight tests were made to
determine the mtium accelerations and the vertical
velocities of the airplane during difFerent types of
kiings.

APPARATUS

Lading gears.-The landing gears subjected to
teatii in this investigation were an olee-mbber-disk
type (figs. 1 and 2), a Mercmy rubber-cord type
(iigs. 3 and 4), and a split-axle rubber-cord @pe
(fig. 5). The respective weights of these landing
gears, leaswheels and tires, were 94 pounds, 80 pounds,
and 65 pounds. These landing gears were cmstowcted
for use on an NY% (Consolidated Naval Training)
airplane and during the flight teats were mountad suo-
cmsively on this airplane.

la
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The shock-absorbing system of the oleo gear con-
sisted of two hydraulic units, two stacks of rubber
didm, and two tires. The pistons of the hydraulic
units each had an effective area of 3.09 square inches
and contained a sharp+dged ofice 0.25 inch in
diameter. The stroke of the hydraulic unit from com-
plete extension to the point at which the cylinder
made contact with the rubber disks -was 3.65 inches.
A stack of robber disks consisted of four, each 4%
inches outside diameter, lfi inches inside diametar,
and 1X inches thick. Metal spacers were used be-
tween the second and third disks.

The Mercury gear consistad essentially of two sy&-
metrical rigid triangular structures. Relative motion

they were mounted on wire wheels and were inflated
to 50 pounds per square inch pressure.

PROCEDURE

Static tests.-Static tests were made on the oleo-
rubber-disk and the Mercury landhg gmrs, In theso
tests a load was applied in increments of apprcminmtely
800 pounds on the Mercury gear and 400 pounds on
the oleo gear until a maximum loading of oppro.u-
mately 9,600 pounds had been reached. After the
application of each” increment, measurements were
made of the vertical displacement of the center of tho
load, the depression of the tires, and the elongation of
the rubber cords or the compression of the rubber

Rxuum2-01e5HnbkdhkLmdfnggearmonntd on hT-0 airpleae

~etween these structures was restrained by 34 wraps of
/4-b inch rubber shock cord. These cords and the tires
comprised the shock-absorbing system of this lamjing
gear.

The splkmle rubber-cord gear was of the conven-
tional type. The movements of the axles relative to
the other parts of the landing gear were restrained by
10 wraps of 5%-inchrubber cord on each axle. These
cords and the tires made up the shock-absorbing
system of this gear.

The tires employed with these landing gears &ere 30
by 5 smooth-tread airplane tires. During the task

disks. In addition, measurements of tho geometric
relations of the members of the landing-gear chassis
were made. During the tests on the oleo landing gem
the cylinder guides were vibrated to simulate the
reduction of frictional effects such aa are realized in a
landing. After the maximum loadings had been
m-ached the load waa carefully removed in approxi-
mately the same increments as it had been applied and
the changcisin the distortions of the elastic units were
recorded.

Drop tests.—The drop tests, conducted similarly on
both gears, consisted of a series of drops under gross
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loadings of 2,690 and 2,530 pounds, respectively, for
the Mercury and the oleo landing gears. The tests
were carried to such a point that further increase in
the height of free drop probably would have resulted
in failure of the lading geara. During the tests on
both gears the height of free drop, the total vertical
displacement of the load, the rebound, the elongation
of the rubber cords, or the compressions of the rubber
disks, and the maximum accelerations (in multiples of
the static load) were recorded. With the oleo gear,
records of the stroke of the oleo cylinder and the
pressurca built up in it were also made.

The test rig (described in reference 1), two control-
position recordem, a pressure-displacement recorder, a
recording accelerometer, and a timer were used during
the drop tests.

One control-position recorder (reference 5) was used
during all the drop teats, in conjunction with a suitable
reduction linkage, to,record the vertical displacement
of the load. A second control-position recorder was
used during the drop tests on the Mercury gear.only,
to record &e elongation of the rubber cor&.-

The recording accelerometer, a single-com-
ponent type (reference 5), was mounted on the
load platform of the test rig with its actuating
mechanism in the vertical plane containing the
center of gravity of the load. This instrument
was used to record the ratio between the static
load and the impact forces at the c. g. of ‘the
load,

The timer (reference 6), a coin.mutator cir-
cuit-breaker-type instrument, was used to pro-
vide a time scale on the instrument records.

contact had been made. In the taxi and take+ff runs,
records tvere taken of the accelerations developed.

The instruments used during the flight tests were a
control-position record~, a motion-picture camera, a
recording accelerometer, an air-speed recorder, an
anemometer, and a timer.

The control-position recorder, mounted in the front
cockpit of the airpkme, was used in conjunction with a
trding arm to record the history of the vertical dis-
placement of the airplane.

The traihg arm (figs. 2 and 7) had an over-all
length of 16X feet, but because it trailed to the rear in
flight it did not make contact with the ground until the
wheek of the airplane were within 10 feet of the ground.

The motion-picture camera was employed b record
the attitude of the airplane at land.@. At the outset
of the tlight tests’ the motion-picture camera was
mounted on a tipod erected and leveled on the landing
field about 50 yards from the path of the landing air-
plane, and was operated at 32 exposures per scwnd.
During the latter portion of the ilight tests the camera

I was mounted in the forward cc&pit of the airplane

The prcssuredisplacement recorder (fig. 6), a modi-
fied air-speed recorder, was used to record the pressures
built up in the oleo cylinder and the displacement of
the oleo cylinder with respect to the piston. The re-
cording range of the instrument was Oto 2,000 pounds
per square inch. The records obtained with this
instrument gave the relative displacement of the OICO
cylinder as abscissa and ‘pressures as ordinates

Flight tests.—The flighb tests were made with the
htnding gears successively mounted on an iW?-2 air-
plane (weight approximately 2,700 pounds). The
teds consisted of normal (3-point), tail-high (2-point),
and ‘tpancake” landings and take+ff and tti runs, all
of which were made on an average grass-covered land-
ing field. The pancake landings were of two types—
one in which the airplane was leveled off at approxi-
mately 6 feet above the ground and allowed to “drop”
in, and the other one in which the lsdngs were made
by gliding onto the ground without any attempt being
made to level off.

During these tests, records of the air speed, wind
speed, vertical displacement, and accelerations devel-
oped were taken from the time the airplane waa about
16 feet above the ground until a few seconds aftar

FIWEES.—bi!r.mv(l-ribber-cordtype) IarKung+xarCh8d3

and motion pictures of the horizon were taken at 16
exposures per second. These motion-picture records
were used to correct the trailing-arm records for the
cbange in attitude of the airplane during the time the
arm was in contact with the ground. The instant of
contact of the wheels with the ground, which was
clearly indicated by the air-speed, accelerometer, and
motion-picture records, was used to synchronize the
records.

The accelerometer was mounted as close as practi-
cable to the c. g. of the airpkme, and was used to
record the forces experienced in the landings. This
instmnnent was the one used during the drop tests.

The timer, the one used during the drop tests, was
employed to provide a time scale on the film records so
that histories could be made.

The air-speed recorder (reference 4) was used during
the @ht tests in conjunction with a swiveling Pitot-
static head to record the airspeed of ,theairplaneduring
the ladings. The swiveling head was mounted one
chord length ahead of the leading edge of the upper
wing on a boom secured to the left interpkme strut.
(l?ig. 7.) The air-speed recorder was secured in the
forward cockpit of the airplane.
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The anemometer, a vane-type instrument, was used
to measure the average ground-wind velocity during
the landings. It was mounted about 6 feet above the
ground on a vane erected on that portion of the field
whereon the landings were beirg made.

PRECISION

Statiotests.-The accuracy with which the measure-
ments were taken during the static tests was such
that the errors in the remits do not exceed 1 per cent.

Drop tests.-The records of the vertical c?isplace-
ment of the load (total drop) and the elo~~ation of

COMMITPEEFOR AERONAUTICS

Plight tests.—The accuraciw of the records obtained
from the instruments in the flight tcda are of approxi-
mately the same order as those obtained in the drop
tests.

l?revious tests employing the combination swiveling
I’itot-static head and air-speed recorder installed on
an airplane in a manner similar to that employed in
this investigation indicate that the error in recorded
S& speed doss not exceed + 4 per cent.

It is believed that the recorded value of the wind
speed is within 3 miles per hour of the instantaneous
wind speed at the time the airplane made oontact with

mom 4.-hfETUUY Mdfnggear m-td COJM rfg

the rubber cords are estimated h be accurate within
+0.25 inch and +0.10 inch, respectively. The mssi-
mum compression of the rubber disks and, conse-
quently, the masimum stroke of the oleo unit were
indicabd mechanically and measured within + 0.01
inch. The pressures generated in the OISOcylindem
were determined within +40 pounds per square inch.

The faired curves of maximum accelerations devel-
oped indicate that the accelerations recorded are
correct within + o.25g.

The time intarvala recorded on aIl the instrument
records were determined to be -within + 2 per cent.

with the ground. Thus, the computad ground speed
at contact is believed to be correct within &5 miles
PEW hour.

The change in attitude of the airplane during the
landings while the airplane was within 10 feet of the
grouhd was determined from the motion-picture
records within fro.

The indicated height of the airplane above the
ground was recorded by the m-arm combination
within +2 inches. It is estimated that this ncouracy
enabled the determination of the vertical velooity of
the airplane within + 0.6 foot per second.
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RESULTS

General,-The total load on the landing gear in the
static and drop teats ma considered equally divided
between the tires. In the calculation of the impact
forces it was assumed that the instantaneous acceler-
ations throughout the landing gear and at the center
of the load platform were of the same magnitude.
ThiE assumption, obviously, is not exactly true; but,
since the load used in these tests may be considered a
concentrated mass and since the weight of the complete
lrmdinggear is small in comparison with the load used,
the use of this assumption involves a very small or

the hydraulic unit and the instantaneous compressive
load on the rubber disks.

The total work done ODthe landing gear during the
drop tests was calculated by taking the product of the
static load and its total vertical displacement during
the drop. The work done on each of the shock-
absorbing tits was determined by taking the integral
of the curve of instantaneous forces on it ag&nst the
linear distortions of the unit during its first stroke.

Statio tests,-The rtiults of the static tests on the
Mercury and the oleo gears are shown in I@ure.s 8
and 9. The areas under the curves of increasing load

FIGUREh—kbkr-m-dgmr moumd on NY-f drplaIM

negligible error. By the use of the above assumptiou9,
the maximum forces on the tire were calculated by
multiplying the static load on the tire by the maximum
acceleration at the center of the load. The load, on
the elastic unit of the landing gear was calculated horn
the load on the tire and the geometric relation existing
between the elastic unit and the tire. The load, or
restraining force, set up in the hydraulic unit of the oleo
gear was calculated by mtitiply@.the effective piston
mea by the recorded pressure”inthe unit. The instan-
taneous load on the oleo unit was determined by tiking

. the sum of the instantaneous retarding force setup by

indicate the capacity of the various units to receive
energy. The areaaunder the curves of decreasing load
represent the amount of energy returned by the unit
in resuming its normal condition and is tidicative of
tie tandency of the unit to cause bouncing. The
difference between the areas under the curves of the
increasing and the decreasing loads represents the
energy dimipatad. by -the unit. The- results’ indicate
that the rubber cords, the rubber disks, and the &
tilpated approximately 30 per cent, 30 per cent, and
10 per cent, respectively, of the total energy received
by them.
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Drop tests.—The results of the drop teats (figs. 10
to 18) furnish a means of comparing the action of land-
ing gears under impact forces. Such a comparison
should be made upon a basis of equal heights of total
drop of the load. This is the same m making the
comparison upon the basis of equal amounts of energy

1
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in ;hich the c. g. of the load was above the datum plane
at the start of the drop; in those noted aa negative the
c. g. of the load vm.abelow the datum plane at the start
of the drop.

The total drop is the vertical displacement of the
c. g. of the load from the start of the drop to the mmi-

received by the landing gears. For ease in the presen-
tation and discussion of the results, a datum plane for
zero height of free drop was established. This datum
plane was the horizontal plane occupied by the center
of gravity of the load when the test rig was in such
position that the shock-absorbing units were ~mpletaly

I

mum contraction of the shock-absorbing units, The
total rebound is the vertical displacement of the c, O.
of the load from maximum. contraction of the shock-
absorbing units to the crest of the tit rebound, The
free rebo,und is the vertical distance between the c, g.
of the load at the crest of the fit rebound and the

FIQUM7.—NY+_ ~ SWiVd@ PitOt#@O h89d and tmfb EIIZIbt9@d

extended and the .tireawere merely in contact with the
landing platform.

The free drop, noted in the results, is the vertical
distance between this datum plane and the horizontal
plane occupied by the c. g. of the load at the start of
the drop. The free drops noted as positive are those

I datum plane. Those noted as positive are from tests
in whi& the position of the c. g. ‘of the load at the crest
of the rebound was above the datum plane while for
those noted as negative the rebound was not suf%cient
to bring the c. g. of the load up to the datum phme, ,
In the latter case the tires did not leave the landing



D130PANDFLIGHTTEISTSONNY-2 LANDINGGEARS 147

platform. The percentage rebound is the ratio,
expressed in per cant, of the total rebound to the tctal
drop. The maximum accelerations, expressed in terms
of g, me the ratios of the m*um retarding forces to

Elangafianof cardsj in

FIawaE 8.—Hyst@rds wrve Ofmbb’=’ OJrdSOn~~-~
gear. Work doneonmbber mrd% W~~-lb.; w~k~ti
by robber ~ 8,4KIfn.-lb.; werk abserlmdby mbixx cord%
3,040in.-lb. or S0.1pat

the static load. The stroke of the oleo unit is the
relative displacement of the oleo cylinder with respect
to the oleo piston, The cylinder pressure is the mti-
mumunit pressure recorded in the oleo cylinder during

0epjessicm80f ikes in.
o 2 .4 i2 1.4

Canp-essbn of ru5bM dish b

FIOUFLE 9,-II- enrw of tlrm end mbti dbka m .NY~ olw sefu. w~k

done on dls!q 4,040In.-lb.; work ratnrnti by dlsk$ 2jS40h-lb.; wark atmrbed
by dfska, lj200 h-lb. cc 30.1m rent. Work done on $lr% lSI h-lb.; work
retuned by tbq 1,025fn.-lb.; work aw~ by * ~ ~-lb. IX 11~ w ~f

i~ initial contraction stroke. The cord elongation ti
the average elongation of the rubber cords as indicated
by the relative displacement of the units on which the~
were wrapped.

Figure10 shows the relations that exist between the
ree drop, the free rebound, and the total drop for the
kc and the Mercury landing gears. It will be noted
thatthe free-rebound curve for the oleo gear is wholly
~egativej indicating that the tires of this lamling gear
Iid not leave the landing platform during drop teats.

Total dvp of lo@th

FTQtmrE1O.—FIWtip and free mkmnd dmins dIOP trots

The total drops on the oleo gear greatly exceeded
those on the Mercury gear for equal heights of free
drop owing to the longer contraction stroke of the oleo
shock-absorbing unit.

00 4 20 24
To?al d-$of Ioa$h

FIQDEE11.—ToM reboundend ~tege tital rebotmd during dMP Lestd

The curves of rebound and percentage rebound
(@. 11) indicate that the rebound was greater with
the oleo gear than with the Mercury gear. This result
appeam contradictory to the curves of free rebound
(fig. 10), but it must be remembered that the greater
portion of the total drop with the Mercury gear was
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an unrestrained drop; wherein with the oleo gear, th
greater portion occurred with the tires in contact with
the landing platform. Conversely, the rebound witi
the ohm gear occurred during the extension stroke 01

0 4 8 12 16 20 24
TOfOr d-CPOf hd h

~UEE 12-hfdmnm w03h3ratfonsdwelom bl tip tds

the shock-absorbing unit; whereas only a small por-
tion of the rebound with the Mercury gear occurred
during the extension stroke of the shock-absorbing
units. Since there were no rebounds causing com-
plete extension of the shock-absorbing units of the
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OICOgear the tires did not leave the landing platform;
therefore there were no positive free rebounds in the
drop tests on this landing gear. The rebounds on the
Mercury gear were, how-ever, large enough during
some of the tests that the height attained by the tires

above the landing platforms represented as much as
25 per cent of the free drop. Thus, although tho
actual vertical displacement of the load during the
rebounds was greater with the oleo gear, the fact that
the tires did not leave the landing platforms would
indicate that rebounds with this gear would be less
hazardous than with the Mercury gear.

FIamuc 14.-Co.mpredon of robber dfsh ond fcmeaon them during drop tab

Figure 12, curves of mtium accelerations against
total drop of load, shows that the qualities of the oleo
gear for :mbimizii impact forces were better than
those of the Mercury gear.

I?igures 13 and 14 show the relative maximum dis-
tortions and max&m loads on the shock-absorbing
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FIGUEE 15.—ToMwork and dfstxibutfonof work on Moronry-@po fnnding gcnr

tits of the two landing geara in the drop tests, The
elative magnitude of these values are not only
lependent upon the i.mpacfiminhbing qualities of
he landing gems but also upon the geometric relation
If the members of the chsssis.
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l?igurea 15 and 16 are furnished primarily to show
the distribution of work among the shock-absorbing
units of the two landing gears. In this work-dk-
tribution treatment, it was not possible to account
for all of the work done by the load in its initial drop

Tobl w%rk” &e & ~
60
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~ Wcrk ckme IYI rdber di+s

0 4
To~al cbmp-of Ioa&-in.

171CIUEE16.—ToM w6rk rmd dlstrlbnth of work on oletyra landhg sear

as a portion of this work was taken by the bending
of the axles and the distortions of the structural mem-
bers of the landing gears and test rig. As no attempt
was made to measure these distortions during the drop

CJ4hdermovemenf, in ,
.

EIOmiE17.—V0riath 0[ oyllnder ~ with oyhder dk@mmont fca an
NY+ OleoEmr. Flw drop 0[”1inch. onIovol4$6 Inob aom top of pfmm
with Ml I@ on gear.

tests, the amounts of energy taken by them could not
be computed.

The figures ahow that when the tires were used on
the Mercuqy gear they took a larger percentage of the
total work done by the load than when they were

ISed on the oleo gear. This fact indicates that with’
nmplete depression of the tires a smaller amount of
work would be done on the Mercury gear than on the
deo gear. As complete depression of the tires is
usually the limiting factor of the useful capacity of a
.anding gear, it appeara that the useful capacity of
the Mercury gear is considerably leas than that of the
)]00 gear.

IHgure 16 shows that the amount of ene~ ab-
Jorbed by the hydraulic unit is less than that taken
by the rubber disks. This condition, and the fact
that the stroke of the hydraulic unit was considerably
Longerthan the linear compression of the rubber disks,
Yhowsthat the average retarding force offered by the
hydraulic units was much smaller than that offered
by the disks. Jn an efficient shock-absorbing system,
the hydraulic unit should offer the larger retarding
force and should also absorb the major portion of the

5c@
I

1“

FIGURE18.—Varlatlonof oyllnd-irmessm’ewith oyhdir dl@cammt foronNY-S
-Ol~Fm—m—ofmon kwol W6 blcllcsfrom top of piston with run

kmd on:gmr

work done on the system, leaving the rubber disks to
fulflll theti function of reducing the taxying loads.
As the results show that the oleo gem doea not ap-
proach this condition, it is evident that an improve
ment of the design of the hydraulic system should
be made.

I?igurea 17 and 18 furnish histories of the pll?SsUrCS
in the oleo cylinders obtained from a l-inch free drop
with the oleo lading gear. Mgure 17 shows the pres-
sure history when the cylinder was charged with oil
to the level indicated by the oil gage furuished with
the unit, and I?igure 18 shows the pressures, under
the same test conditions, with cylinder charged with
oil to a level approximately 1 inch below that recom-
mended. It will be seen that when the oleo unit is
charged with too much oil, the pressure at the end of
the stroke becomes excessive.
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Flight tests.—The results of the fight tests are pre-
sented in Tables I, JI, and HI and in Figures 19 to 25.

The results presented in the tables and Figge 19,
with the exception of the wind speed and the maxi-
mum acceleration subsequent to contact, are results
obtained during the initial stroke of the shock absorber
of the airplane. The wind speed is the average taken
over a short period of time (usually one minute)
immediately preceding and succeeding the kmding of

Cohna’rmh FOR AERONAUTICS

in the maximum impaot forces from 3)i to 6 times the
statioload. In theselandings the oleo gear was superior
to the othergmrsinreducing themaximumimpaot forces
The curves indicate that for vertical velocities of 8 feet
per second at contact the maximum accelerations de-
veloped with the dMerentlanding gearsareapproxhnate-
ly 3fi, 4%, and 5 times the static load with the oleo,
rubber+ord, and Mercury landing gears, respectively,

Tables I, It, md ID show that the effectiveness of
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arehistories of Some of the lan&gs taken for approx-
imately the last 10 feet of vertical descent of “the
airplane prior to making contact. These results pro-
vide ameans of directly comparing the effectivenessof
the three landing gears. This effectiveness is based
upon themaximum accelerations developed at contact
(abili@ to minimize landing forces) and the observed
bouncing tendencies of the gears (ability to dissipate
the energy taken in mininkkug the landing shocks).
By making the comparison of the effectiveness of the
landing gears on the basis of maximum accelerations
at the c. g. of the airplane, the attitude of tbe air-
plane at contact does not enter into the consideration.

Figure 19 shows the comparison of the maximum
accelerations developed with the difleraut landing
gears for various vertical velocities of the airplane at
contact. The visually good landings (normal and 2-
point) had vertical velocities at contact of less than
2% feet per second. In these landings the eil~ctive-
ness of the various landing gears was approximately

the three landing gears to reduce im-
pact forces during the ground runs
was approximately the same, The
“resultsalso show that, in general, the
maximum accelerations developed
in good landings (1.8g, 2.36g, and
2.lg) were less than those developed
in the ground runs (2.65g, 2.96g, and
2.76g) with the oleo, Mercury, and
rub b er-c o rd gears, respectively,
Theseresultsindicate that the uneven-
ness of the landing field governs, to n
laxge degree, the maximum forces en-
countered in good landings.

h the pancake-landing teats all
but three of the landings were made
by gliding onto the ground without
levelimzoff. The three pancake land-

ings made by leveling off-at approximately 5 feet above
the ground and allowing the airplane to “drop in” from
that altitude were made on the rubber-cord gear and
are indicated in Table III bv index a. It will be noted

Vsrf[cOl velocify of conbcf, ft. per sec

)?IGUEE 1%-lhlll- Of@It ~ ~ts Of~-2 bmlfng &3rs

the airplane. The maximum accelerations subse-
quent to contact are the maximum accelerations ex-
perienced in the ground runs.

The results presentid in Figures 20 to 25, inclusive,

12
1,

la;

“the same; the maximum &~act forces -&ried from- 1%
to 2% times the static load. For the visually bad or
pancake landings, the vertical velocities varied from
approximately 5%to 10 feet per second with a variance

1 I 1 F

8 ‘ ‘\ ,,
\ Verfica I &jo/oc &f
x#- ‘

\

\ [

J.

6 !
$1

\ >i

\ \\

2 f!!!l \.

‘ Ka+ical vebcify L .

%5 :0’~5’2. o L5 LoTc
k KEi

M o
T&, sec.

Rawxe rn.-Nonnal landlng

I that the severitvof the sdide latdings and that of

.

the
“dropped-in” l-&3i.ngs ~ere approximately the same,

In most of the pancake landings tbe ottitude of the
airplane was such that at the instant of contact of the
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tires with the ground the tail of the airplane was less pancake landing is shown in Figure
than 1 foot above the ground. noticed that the vertical velocity at

151

25. It will be
contact for the

No attempt was made to measure the,rebound of the “glide” landing was less than that for the “dmpped-
airplane during the i@ht tests but visual observations in” landing.
enable a very general comparison to be made of Comparison of drop and flight tests.-Inasmuch as
the emwgy-dissipating qualities of the
shock-absorbing units. In most of
the landings made with the oleo gear, ‘2
them was very little rebound, but with
the Mercury and rubber+ord gears it ,0
was practically impossible to make . ~
any type of landing without an ap- =-%
preciablc rebound. k the severe %~ 8

!pancake landings with the two latter “
gears the rebounds became so violent .&
that it was considered unsafe to make 8$8
landings of greater severity. QJ

The pilots prefemed the oleo gear ~~ q
because it “felt smooth” in landing, ~$!
while the other two made the land- ‘&

ings feel “stiff” and “snappy.” 2

Figures 20 to 25, inclusive, show
representative &storiea of the verti-
cal displacement, vertical velocities, % 4.0 35 30 2.5 2.0 [5 10 0.5 0

and &-speeds of the airplane for the
various types of landing tests made.
The landinga from which these histories were made
are indicated in the tables by index b. It will be
noted from the vertical-displacement histories that the
flight paths of the airplane in the normal and 2-point
landings were very similar. These histories also show

Ttme,sec.

FIGUREZ2-’l’wo-pdnt Lmding .

testrequirements for la~+ng gears are specified upon
a basis of free drops, it ISinteresting to compare the
results of the flight and drop teats. In the most
severe landings experienced in the fright teats (those
in which the vertical velocities at contact were 7.95

m-le, S&c
Fu3ml?‘a—Normallmdhg

and 8.2 feet per second) maximum
accelerations of 3.6g and 5.05g were
developed with the oleo and the Mer-
cury gears, respectively. If it be as-
sumed that the energy received by
the landing gears varied as the square.
of the vertical velocity at contact, the
ratio of the energies received by the
oleo and the Mercury landing gears
was 1 to 1.06. The drop-teat results
indicate that mtium accelerations
of the above magnitude would be real-
ized with total drops of 16.8 inches
and 17.4 inches or free drops of 3.8
inches and 10.4 inches with the oleo
and tho Mercury landing gears, re-
spectively. The ratios of such heights
of drop are 1 to 1.03 for the” total
drops and 1 to 2.74 for the free drops.
Thus, it is evident that if the results
of the drop teats areused to predict the

that in landings of these types there iEa tendency of action of the landing gears under ilight conditions with
the airplane to “drop in” just prior to contact. re9pect b their impact force-reduc@ qualities, there- ‘

The vertical-velocity history of a pancake landing in suits on the basis of total heights of drop would approxi-
which the airplane was “dropped in” a short distance mate those of the i@ht tests, while the results on a
is shown in Figure 24. The history of a “glide” baais of free drop would give very erroneous results.

149900-3%11
i
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CONCLUSIONS

1. The 0100gear is the most effective of the three
landing gears tesi%din minbking impact forces and
in dissipating the energy taken in so doing.

2. The flightde.st’ reaulta indicate that in pancake
landings with a contact vertical velocity of 8 feet

-The src

E-moEE23.-T’w@@’it lmaing

per second the maximum accelerations experienced
are approximately 3.2g, 4.9g, and 4.4g with the ohm,

FIauEE 2L-Pan&JkO Iwlfng

the Mercuryj and the split-axle rubber+mrd gems,
respectively.

3. The rebounds, or bounces, in the severe landings
with the Mercury and the rubber-cord landing gears
were very violent and at times put the airplane in a
very dangerous attitude.

4. The maximum accelerations at contaot in the
good landings were, in general, less than 2g and were
of approximately the same magnitude with the three
landing gears. -

5. The mtium accelerations realized in the
ground runs were, in general, less than 2.8g and were
essentially of the same msgnitude for the three gears,

6. The vertical velocities at contact were from 0.3
b 1.8 feet per second, 0.9 to 2,6 feet per second, and

I f
/21 I I I I I 160<

I-44u-M

—w-l-b!

?7m sec.

FIODEE 26.-Pfmmke landblg

5.8 to 9.8 feet per second for the normal, 2-point, and
ymcake landings, respectively.

7. Results of drop tests should be compared upon
~ basis of total drop of load rather than upon one of
)qual free drop.

tiGmaY MEMORIALADRONAUmOALLABORATORY,
NATIONUADVISORYCoammrmn FOR AEIRONAUTICW,
LangleyI?ield, Vs., ~ugwd 7,19$1.
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TABLE I.—RESULTS OF FLIGHT TESTS ON NY-2 OLEO GEAR MOUNTED ON NY–2 AIRPLANE,
WEIGHT 2,780POUNDS
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TABLE IL—RESULTSOFFLIGHT TESTSONNY-2 MERCURYLANDING GEARMOUNTEDONNY-2 AIRPLANE
WEIGHT2,715POUNDS

I Syd (m. IL h.) IV&m&
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TABLE 111.-RESULTS OFFLIGHT TESTSON NY-2 RUBBER-CORDLANDING GEAR MOUNTEDON NY-2
AIRPLANE,WEIGHT 2,700POUNDS
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